Abstract A 79-year-old female was admitted to our hospital with fever, proteinuria, hematuria, high levels of C-reactive protein (CRP), and high titer of myeloperoxidase antineutrophil cytoplasmic antibody (MPO-ANCA). Our diagnosis was microscopic polyangiitis (MPA) and she was treated with steroid pulse therapy. Clinical remission was induced; however, the disease relapsed with saddle nose and necrotizing vasculitis of the nasal cavity mucosa 1 year later. Although there was no elevation of the MPO-ANCA titer, we diagnosed the patient with relapse of MPO-ANCA-positive granulomatosis with polyangiitis (GPA). Remission was induced again with steroids and azathioprine. It has been reported that the number of MPO-ANCA-positive patients in Asian countries is relatively higher than in Western countries. We checked 29 GPA patients in our hospital and 9 patients (31.0 %) were MPO-ANCA-positive. In addition, it is not rare that an ANCAassociated vasculitis (AAV) patient who has been in remission with negative ANCA relapses without any elevation of ANCA titer. We checked the transition of ANCA titer of 24 AAV patients in our hospital who relapsed and 6 patients (25 %) relapsed without any elevation of ANCA titer. We should be careful for a relapse, even if the ANCA titer remains negative. It is also possible that ANCA had been changed so as not to be detected by the same enzymelinked immunosorbent assay (ELISA) kit. Thus, it is also important to change the detection system if clinical symptoms are worsened while ANCA is still negative.
Introduction
It has been reported that the ratio of myeloperoxidase antineutrophil cytoplasmic antibody (MPO-ANCA)-positive granulomatosis with polyangiitis (GPA) to all cases of GPA is relatively higher in Asian countries [1] [2] [3] [4] . We have often experienced that GPA patients are diagnosed as microscopic polyangiitis (MPA) because of positive MPO-ANCA. We report here an MPO-ANCA-positive GPA patient who was also diagnosed as MPA and relapsed with saddle nose after remission induction. She relapsed without an increase of MPO-ANCA titer, and predicting relapse is very important for the maintenance of remission. We also discuss the ANCA-negative relapse of ANCA-associated vasculitis (AAV).
Case
The patient is a 79-year-old female, who visited our hospital with fever, proteinuria, hematuria, and edematous lower extremities. She had been diagnosed with polymyalgia rheumatica by another doctor and had already been treated with 15 mg per day of prednisolone (PSL). She was admitted to our hospital because her blood tests showed marked elevation of inflammatory markers and high titer of MPO-ANCA.
At the first visit, abnormal findings on physical examination were only slight fever and edema of legs. As for laboratory tests, however, there were high white blood cell (WBC) counts, anemia, low level of serum albumin, high
First Department of Internal Medicine, Kyorin University School of Medicine, Tokyo, Japan e-mail: komagata@ks.kyorin-u.ac.jp blood sugar, high levels of C-reactive protein (CRP) and rheumatoid factor, and high titer of MPO-ANCA that was measured using the NIPRO enzyme-linked immunosorbent assay (ELISA) kit. PR3-ANCA was negative. In addition, urinalysis showed severe proteinuria and hematuria, although there was no renal dysfunction (Table 1 ). There was no eosinophilia and no history of asthma.
To confirm whether severe proteinuria can be explained by ANCA-associated glomerulonephritis, we performed a kidney biopsy. The basement membranes of most of the glomeruli were diffusely thickened. Necrotizing lesions were seen in some glomeruli and some glomeruli showed crescent formation and spike formation. Immunofluorescence (IF) microscopy revealed granular deposition of IgG along the basement membrane. Electron microscopy imaging showed some dense deposits in the basement membrane.
By kidney biopsy, we confirmed the patient had necrotizing glomerulonephritis and membranous nephropathy. Our diagnosis was MPA with membranous nephropathy at this point. We first tried to treat this patient with steroids. She was treated with methylprednisolone (mPSL) pulse therapy, followed by 40 mg per day of oral PSL. Fever and proteinuria improved, and the levels of CRP and MPO-ANCA became within normal limits. We did not use any other immunosuppressant because the response to steroids was quite good. Clinical remission was induced 3 months after the initial therapy and the dose of PSL was tapered to 12.5 mg per day ( Fig. 1) .
However, 1 year after the remission induction, the patient gradually started to suffer fever, body weight loss, and elevation of the CRP level. At the same time, we recognized that she gradually showed saddle nose, which was not seen at onset. Computed tomography (CT) scan of the paranasal cavity showed thickening of the mucosa and bone destruction (Fig. 2) . Biopsy of the mucosa of the nasal cavity showed necrotizing vasculitis and leukocytoclastic vasculitis, but there was no granuloma lesion which involved giant cells (Fig. 3) . The level of CRP at relapse was as high as that at onset; however, MPO-ANCA was still negative by ELISA and PR3-ANCA also remained negative, although p-ANCA by IF was weakly positive. In addition, there was no severe proteinuria or hematuria.
Based on the clinical and pathological findings since the onset of disease, we thought that she has suffered MPO-ANCA-positive GPA from the onset and the disease relapsed at this point. For remission induction, the patient was treated with mPSL pulse therapy (250 mg/day 9 3) followed by oral PSL (25 mg/day) with 50 mg of azathioprine. Lesions in the nasal cavity improved and the level of CRP became within normal limits. Eventually, the dose of PSL was tapered to 10 mg/day without any relapse. countries [1] . However, in Asian countries, various reports revealed that the ratio of MPO-ANCA-positive AAV is relatively higher [2] [3] [4] . We also checked the clinical features of GPA patients in our hospital since 1998, including the positivity rate of ANCA. Out of a total of 29 GPA patients, 9 patients (31.0 %) were MPO-ANCA-positive. We also found that there is a tendency that the symptoms of MPO-ANCA GPA are slightly different from PR3-ANCA GPA. It has been thought that the progression of disease from E (eyes, ears, nose, and upper airway) to either EL (lung) or EK (kidney) and then to ELK is well described in PR3-ANCA-positive GPA. However, our data showed that there was a tendency for K to precede L or E in MPO-ANCA-positive GPA. We thought that this patient suffered MPO-ANCA-positive GPA from the onset, partly because kidney lesions precede saddle nose and it was compatible with the characteristic of MPO-ANCA-positive GPA.
ANCA-negative relapse of AAV It is not rare that an AAV patient who has been in remission with negative ANCA relapses without any elevation of ANCA titer, as described in this case. We checked the transition of ANCA titer of 24 AAV patients [18 MPA, two GPA, two eosinophilic granulomatosis with polyangiitis (EGPA)] in our hospital who relapsed with serial measurements of ANCA titer during remission. A total of 6 of 24 patients (25 %) relapsed without any elevation of the ANCA titer. Thus, we should be mindful for a relapse, even if the ANCA titer remains negative. We have also reported that most of the patients whose ANCA was not completely negative at remission induction relapsed with elevation of ANCA (8/10: 80 %) [5] . There was no specific tendency regarding clinical manifestations in these patients who relapsed with negative ANCA. There have been several reports discussing the relationship between relapse and ANCA titer [6] [7] [8] [9] [10] [11] . Most of them showed that a rise in ANCA titer was related to a relapse, but some of them showed only a limited predictive role of serial ANCA measurement. When ANCA was able to be detected only by IF, there was a report by Gaskin et al. [6] . In 19 patients, ANCA were detectable, and six of these relapsed. In 18 patients, ANCA were undetectable, and none of these patients relapsed. In 33 patients, ANCA were intermittently present, nine of these relapsed, and all had ANCA detectable at the time of relapse. In six of the nine cases, relapse was accompanied or closely preceded by the reappearance of ANCA. In 2000, a report was published by Boomsma et al. [7] , in which they checked the ANCA titer every 2 months and investigated the relationship between ANCA titer and relapse. Relapses occurred in 37 of 100 GPA patients and 34 (92 %) of the 37 patients showed a rise in the level of ANCA preceding their relapse, as detected by ELISA or indirect immunofluorescence (IIF). The predictive value of an increase in ANCA titers for relapse was 57 % (17 of 30) for c-ANCA by IF, 71 % (27 of 38) for PR3-ANCA by ELISA, and 100 % (3 of 3) for MPO-ANCA by ELISA. They concluded that the serial measurement of ANCA levels is valuable for the early prediction of relapses in patients with GPA.
On the other hand, Finkielman et al. [8] checked the ANCA levels and disease activity of 156 GPA patients throughout the United States. The ANCA levels were only weakly associated with disease activity across patients, and changes in the ANCA levels explained less than 10 % of the variation in disease activity. The decreases in ANCA levels were not statistically significantly associated with shorter time to remission, and increases in ANCA levels were not associated with relapse.
Thus, based on the current case and the reports above, both a rise in ANCA and persistently positive ANCA are significantly associated with disease relapse, although serial ANCA testing is not sufficient for treatment decisions.
Detection of ANCA by ELISA We hypothesized that there are two possibilities for ANCA-negative relapse of AAV. One possibility is that, Fig. 3 Biopsy of the nasal cavity at relapse. a Necrotizing vasculitis (Elastica van Gieson stain). b Leukocytoclastic vasculitis (hematoxylin and eosin stain) although disease activity was increased at relapse, ANCA was not produced in parallel with disease activity. Another possibility is that ANCA was actually positive at the relapse; however, ANCA had been changed so as not to be detected by the same ELISA kit. In this regard, a method of ANCA measurement is very important.
There are several types of ELISA systems for ANCA detection, such as direct ELISA, capture ELISA, anchor ELISA, and other third-generation ELISAs. Capture ELISA and third-generation ELISAs are thought to have high specificity. However, it is possible that these ELISA systems do not have superiority in sensitivity over conventional ELISA [12] . Thus, it is important to change the detection system if clinical symptoms are worsened while ANCA is still negative.
There have been a few reports of antibody-negative relapse of anti-glomerular basement membrane (GBM)-positive Goodpasture syndrome [13] [14] [15] . In these cases, the investigators explained that it was because only local antibodies were reactivated and this did not lead to systemic antibody production. In the current case, p-ANCA by IF was weakly positive at relapse. This suggested that it was possible that epitope specificity had been changed in the way that ELISA could not detect.
